and N-ferrocenylisonicotinamide in dry dichloromethane under nitrogen and was characterized by ESI-MS, IR, and single-crystal X-ray diffraction. The structure at 100 K has triclinic (P1) symmetry and indicates that the complex crystallizes as a mixture of and conformers. It exhibits the expected square pyramidal geometry about Co, and forms hydrogen-bonded dimers through amide N-H groups and phenolate O atoms on an adjacent molecule. The involvement of only half of the salen ring structure in hydrogen-bonding interactions results in slight folding of the salen ring away from the pyridine coordination site in the conformer with an inter-salicylidene fold angle of 9.9 (7)
. In contrast, the conformer is nearly planar. The dimers pack into an open structure containing channels filled with highly disordered solvent molecules. These solvent molecules' contributions to the intensity data were removed with the SQUEEZE procedure [Spek (2015) . Acta Cryst. C71, 9-18] available in PLATON.
Chemical context
Ferrocenes have been studied extensively on account of their stable sandwich structure, ability to undergo reversible oneelectron oxidation, and, more recently, their potential utility in asymmetric catalysis applications (Stepnicka, 2008; Dai & Hou, 2010) . N-Ferrocenylamides in particular have been investigated for their ability to form hydrogen bonds through the amide N-H group and carbonyl O atom. They have been employed to construct hydrogen-bonding scaffolds (Okamura et al., 1998; Barisić et al., 2006) , perturb the redox properties of attached metal atoms (Okamura et al., 2007) , and form onedimensional hydrogen-bonded chains that can support fast electron transfer (Okamura et al., 2005) . We recently demonstrated that the hydrogen-bond network in one of these systems, N-ferrocenylisonicotinamide, is able to support a mixed-valent state in the solid (Patterson et al., 2015) . Interestingly, the hydrogen bonds in N-ferrocenylisonicotinamide occur exclusively between the amide N-H group and the amide carbonyl O atom; the pyridyl N atom of the isonicotinoyl group is not involved. This suggested that it might be possible to use the pyridine N atom to coordinate metal atoms ISSN 2056-9890 while leaving the isonicotinamide amide group free to form hydrogen-bonded chains or otherwise engage in hydrogenbonding interactions. To this end, a complex between Nferrocenylisonicotinamide and {2,2 0 -[ethane-1,2-diylbis-(nitrilomethanylylidene)]diphenolato}cobalt(II) was prepared and its structure determined.
A cobalt complex of N,N 0 -bis(salicylidene)ethylenediamine (salen) was selected for this study since Co II (salen), and its derivatives are known to function as oxygen carriers (Tsumaki, 1938; Calvin et al., 1946; Chen et al., 1989) , both as solids and in solution. Complexes with pyridine-based ligands are of particular interest since the ability of Co II (salen) to absorb oxygen in dichloromethane or chloroform solutions is dependent on the presence of pyridine or other co-ligands to complete the d 6 Co III (salen)-superoxide complex's octahedral coordination sphere. The system also permits structural comparisons with reported crystal structures of oxygen-active (Schaefer and Marsh, 1969) and inactive (Holt et al., 1971) forms of Co II (salen) and with the products of its reaction with oxygen, 1 -superoxido-complexes (Floriani & Calderazzo, 1969; Schaefer et al., 1980) and peroxido-bridged dimers (Floriani & Calderazzo, 1969; Fritch et al., 1973) . Chiral and achiral salens and their derivatives are also of interest due to their ability to function as versatile catalysts for a variety of oxidation, ring opening, hydrolysis, and polymerization applications (Zhang et al., 1990; Yoon & Jacobsen, 2003; Cozzi, 2004; Darensbourg, 2007; Gupta & Sutar, 2008; Ou & Wu, 2014) . Cobalt-salen complexes in particular are used to catalyze the ring opening and hydrolysis of epoxides (Tokunaga et al., 1997; Schaus et al., 2002; Ford et al., 2013; Crossley et al., 2014; White et al., 2014) and the oxidation of phenols ( Van Dort & Geursen, 1967) .
Structural commentary
The title compound crystallizes as a 58.3 (12)/41.7 (12)% mixture of its and chelate ring conformers. In both cases the coordination environment of the Co II ion is roughly square pyramidal ( Fig. 1 (Shi et al., 1995) . The axial py group in the present complex exhibits considerable librational mobility associated with its ability to rotate about the Co-N and C-amide bonds. In fact, the average twist angle between the pyridine and amide planes is 28.2 (2) , suggesting that the two are not tightly coupled electronically; in contrast, the amide and Cp are tightly coupled with a N-C(Cp) distance of 1.395 (5) Å and an interplane twist angle of 4.83 (3) . Similar behavior is observed in the structure of N-ferrocenylisonicotinamide itself (Patterson et al., 2015) .
Supramolecular Features
Molecules of the title compound form dimers in the solid state (Fig. 2) . These are linked by hydrogen bonds between the amide N-H group and one of the phenolate O atoms on adjacent molecules. Interaction between these atoms is facilitated by twisting of the N-ferrocenylisonicotinamide Figure 1 The asymmetric unit of the title compound, showing the atom-naming scheme. Only the conformer is depicted for clarity. The displacement ellipsoids are shown at the 50% probability level.
amide group so that the amide plane (and presumably the amide N-H group) is oriented towards one of the two phenolate O atoms on the adjacent complex. The NÁ Á ÁO distance for this interaction is 2.799 (4) Å , within the typical range for medium strength hydrogen bonds (Steiner, 2002) and shorter than the 2.969 (4) Å distance between the amide N and the other phenolate O atom. The Co-O distance to the hydrogen-bonded O atom, 1.908 (3) Å , is slightly longer than the 1.885 (3) Å distance between Co II and the other phenolate O atom. The amide N-HÁ Á ÁO hydrogen-bond angle is 151.3 , smaller than the 164.0 (2) angle observed in the structure of the N-ferrocenylisonicotinamide ligand (Patterson et al., 2015) and within the range of those observed for aliphatic Nferrocenylamides engaged in N-HÁ Á ÁO C hydrogen bonding (Okamura et al., 2005) .
The involvement of only half of the salen ring structure in hydrogen-bonding interactions means that the and conformers are diastereomeric. In the conformer, the salen ring is slightly folded away from the py coordination site (Fig. 3) , with an intersalicylidene fold angle of 9.9 (7)
. In contrast, the conformer is nearly planar with an intersalicylidene fold angle of 2. 3 (5) . The discrepancy between the and fold angles is consistent with the known flexibility of salen complexes. The related complex [Co II (salen)(py)], for instance, exhibits bending of the salen ring system away from the axial pyridine (py) ring with a fold angle of 28.8
(Calligaris et al., 1970).
The dimers pack into a layered structure along the [100] direction and perpendicular to the Co-py bond. In the crystal, the open coordination site of each Co(salen)py subunit is blocked by the imine C-H group of an adjoining dimer, an observation consistent with the solid state complex's stability towards oxygen (in contrast dilute solutions of the complex react rapidly with oxygen). The structure contains large channels oriented along the [100] direction (Fig. 4) . These channels are filled with highly-disordered solvent which we were unable to model. The PLATON (Spek, 2009 ) SQUEEZE (Spek, 2015) report indicated a solvent-accessible volume of 448.2 Å 3 per cell, corresponding to 26.1% of the unit-cell volume, that is occupied by 144.9 electrons. However, SQUEEZE slightly underestimates the actual void volume since it assumes simultaneous occupancy of both conformers of the title compound. The void volumes calculated for the and conformers using a 1.2 Å probe radius are 432 and 505 Å 3 per cell, corresponding to an occupancy-weighted average void volume of 462 Å 3 per cell. These void volumes and electron counts are both much larger than would be expected from the 0.3 CH 2 Cl 2 and 1.5 Et 2 O solvent molecules per unit cell indicated by elemental analysis of the vacuum dried crystals. We suspect that 1.7 molecules of dichloromethane solvent per unit cell are lost when the crystals are dried prior to elemental analysis. If the undried crystals contained 2 CH 2 Cl 2 and 1. Hydrogen-bonded dimers of the title compound, showing the hydrogen bonds (dashed lines) formed between amide N-H groups and phenolate O atoms. Only the conformers are depicted for clarity. The displacement ellipsoids are shown at the 50% probability level.
Figure 3
Comparison of the salen ring structure in the and conformers of the title compound, showing the greater bowing of salen in the latter. The salen ring system of the conformer is colored by element, while that of the conformer is shown in purple. Calligaris et al. (1970 Calligaris et al. ( , 1972 ; Shi et al. (1995) . For a summary of the basic features of the stereochemistry of metal salen systems, see: Yamada (1999).
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Synthesis and crystallization
All syntheses and purification steps were conducted under a nitrogen atmosphere using degassed solvents. N-ferrocenylisonicotinamide was prepared as described previously (Patterson et al., 2015) . Acetonitrile, THF, and dichloromethane were purchased from VWR and purified using an HG Waters solvent purification system prior to use. All other reagents and solvents were obtained from VWR or SigmaAldrich in reagent grade or higher purity and used as received.
NMR spectra were obtained using either a Bruker Avance III 400MHz NMR spectrometer or a Bruker Avance 300MHz NMR spectrometer with gradient probe. All spectra were referenced relative to solvent peaks. Mass spectra were obtained on samples in HPLC grade MeOH using a Thermoelectron LCQ-Deca XP Mass Spectrometer. UV-Vis Spectra were obtained on anaerobic samples in quartz cuvettes using a Thermo Nicolet Evolution 300 UV-Vis spectrometer using the appropriate solvent as a blank. IR spectra were obtained using a Thermo Electron Nexus 470 FTIR.
For the preparation of the title compound, N-ferrocenylisonicotinamide (48.39 mg, 0.1580 mmol) and {2,2 0 -[ethane-1,2-diylbis(nitrilomethanylylidene)]diphenolato}cobalt(II) (52.10 mg, 0.1602 mmol) were mixed with dry dichloromethane (5 ml) under nitrogen. The resulting mixture was heated to 323 K for approximately 2 h, during which time the reactants dissolved to give a red solution. The reaction mixture was allowed to cool and then the solvent was removed using an oil-pump vacuum to give a waxy solid, which was washed with six 10 ml aliquots of dry diethyl ether, redissolved in 3 ml fresh dichloromethane, reprecipitated by the addition of diethyl ether (25 ml), and dried under vacuum for 18 h to give the product as a red-brown solid that is soluble in dichloromethane, acetonitrile, methanol, THF, acetone, DMF, and DMSO, but insoluble in water, ether, and hexanes. Yield: 60 mg (75.83%). Computer programs: APEX2 (Bruker, 2005) , OLEX2.solve (Bourhis et al., 2015) , SHELXL2014 (Sheldrick, 2015) and OLEX2 (Dolomanov et al., 2009 ).
Figure 4
Packing structure view along the (100) axis of the crystal, showing the channels formed by packing of dimers of the title compound. Only the conformers are depicted for clarity.
Crystals were grown as opaque pale-red-brown plates by vapor diffusion of ethyl ether into a concentrated dichloromethane solution at 233 K under a nitrogen atmosphere.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . H atoms were placed in idealized positions and refined as riding with bond lengths of 0.95 (CH), 0.98 (CH 2 ), and 0.88 Å (amide NH). U iso (H) values were fixed at 1.2U eq (C). Several restraints were used to model the disorder associated with cocrystallization of the and chelate ring conformers. All phenolate C-O bond lengths were set to be equal using the SADI command and the phenolate C-O and its adjacent C atoms were constrained to be coplanar using the FLAT command. The displacement parameters of atoms C1A and C16A were set equal to those of C1B and C16B using the EADP command. The displacement parameter of all other disordered atoms (C2-C15) were constrained using the SIMU command.
After attempts to model the highly disordered solvent proved unsuccessful, the SQUEEZE technique (Spek, 2015) operated under PLATON (Spek, 2009 ) was used to filter out the contributions of the disordered solvent molecules, none of which was near the open coordination site on the Co II atom, capable of forming hydrogen bonds with the N-H hydrogen or other O and N atoms in the structure, or otherwise within bonding distance to the molecular structure.
Hydrogen-bond parameters were calculated assuming an ideal N-H bond angle and an N-H bond length of 1.009 Å , the value determined by neutron diffraction (Allen et al., 2006) . The void volumes expected for unit cells containing only the or chelate ring conformers were calculated in Mercury3.3 (Macrae et al., 2006) using the default probe radius of 1.2Å . The expected void volume occupancies for ether and dichloromethane molecules were taken as 173 and 106 Å 3 , respectively, the average molecular volume of each compound in the pure liquid at 293 K. program(s) used to solve structure: olex2.solve (Bourhis et al., 2015) ; program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009 ). 
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